Particle mass concentrations (PM 10 , PM 2.5 and PM 1 ) and particle number concentration 50 ((PNC); 0.27 μm ≤ Dp ≤ 34.00 μm) were measured in the tropical coastal environment of 51 Bachok, Kelantan on the Malaysian Peninsula bordering the southern edge of the South 52 China Sea. Statistical methods were applied on a three-month hourly data set (9 th January to 53 24 th March 2014) to study the influence of north-easterly winds on the patterns of particle 54 mass and PNC size distributions. The 24-h concentrations of particle mass obtained in this 55 study were below the standard values detailed by the Recommended Malaysian Air Quality 56 Guideline (RMAQG), United States Environmental Protection Agency (US EPA) and 57 European Union (EU) except for PM 2.5 , which recorded a 24-h average of 30  18 µg m -3 and 58 exceeded the World Health Organisation (WHO) threshold value (25 µg m -3 ). Principal 59 component analysis (PCA) revealed that PNC with smaller diameter sizes (0.27 -4.50 μm) 60 showed a stronger influence, accounting for 57.6% of the variability in PNC data set. 61 Concentrations of both particle mass and PNC increased steadily in the morning with a 62 distinct peak observed at around 8.00 h, related to a combination of dispersion of 63 accumulated particles overnight and local traffic. In addition to local anthropogenic, 64 agricultural burning and forest fire activities, long-range transport also affects the study area. 65 Hotspot and backward wind trajectory observations illustrated that the biomass burning 66 episode (around February-March) significantly influenced PNC. Meteorological parameters 67 influenced smaller size particles (i.e. PM 1 and Dp (0.27 -0.43 μm)) the most. 68 69
M A N U S C R I P T 1. Introduction 74 Regional and local atmospheric aerosols are formed from various complex interactions within 75 the atmosphere and originate from both natural and anthropogenic sources (Heintzenberg, 76 1989; Kassomenos et al., 2014) . In Southeast Asia, biomass burning is an important source of 77 aerosols in addition to daily emissions from traffic and industrial processes (Aouizerats et al., 78 2015; Fujii et al., 2014; Radzi Bin Abas et al., 2004) . These particles originate from a 79 combination of long-range transport from regional sources and also local sources of both 80 natural and anthropogenic origins (Juneng et al., 2009) . The combustion of peat soil and 81 waste from vegetation are major contributors of aerosols from biomass burning. Aerosols 82 from biomass burning usually contain high amounts of organic pollutants and are able to 83 travel far from their sources, due to their fine size and stability characteristics (Aouizerats et 84 al., 2015; Reddington et al., 2014) . Other sources of fine particles in these areas are expected 85 to be the combustion of fuel by motor vehicles and industrial processes (Wahid et al., 2013) . 86 The accumulation of fine particles via several processes, such as particle gas interaction and 87 condensation, will eventually generate coarse mode aerosols in the atmosphere (Kanawade et 88 al., 2014) . These processes will add to the coarse particles in the atmosphere originating from 89 natural processes such as windblown dust and ocean spray. 90 The measurement of particle concentrations in ambient air within different size ranges 91 is usually based on particle mass and particle number concentrations (McMurry, 2000) . 92 Particle mass (PM) concentration is one of the common parameters used to determine the 93 concentration of particulate matter. Particulate matter with aerodynamic sizes below 2.5 94 micrometres (PM 2.5 ) has been widely used for the measurement of particle concentration and 95 composition (Brook et al., 2010; Hueglin et al., 2005; Yan et al., 2015) . Khan et al., 2015) . Previous studies have shown that ultra-fine particles (UFP) 98 dominate the PNC and cumulative surface area and are therefore capable of carrying large 99 concentrations of adsorbed or condensed toxic air pollutants (Delfino et al., 2005) . As PNC 100 includes a variation of sizes, it is able to indicate the possible sources of particles and the 101 interaction between particles that generate larger particles in the atmosphere through 102 coagulation processes (Anand and Mayya, 2015; Byčenkienė et al., 2014) . 103 The application of multivariate analysis to complex and large data sets for 104 classification and modelling purposes has attracted scientific interest over the last few years 105 and is now routinely used in most fields of application (Varmuza and Filzmoser, 2008) . In 106 this study, principal component analysis (PCA) was applied to allow for the reduction of the 107 dimensionality of the data and the extraction of the most significant parameters relating to 108 spatial and temporal variations (Smith, 2002) . Hierarchical agglomerative cluster analysis 109 (HACA) was utilised to group large data into clusters with similar characteristics within the 110 groups but with differing characteristics between the groups (McKenna Jr, 2003) . In addition, 111 multiple linear regression (MLR) was used to predict relationships between input and output 112 variables without detailing the causes of these relationships (Paschalidou et al., 2011) . This 113 multivariate analysis (PCA, HACA and MLR) has been widely applied in previous studies 114 such as those by (Dall'Osto et al. (2011); Dominick et al. (2012) ; Lau et al. (2009); Masiol et 115 al., 2012; Von Bismarck-Osten and Weber (2014) ; Wegner et al. (2012) ). 116 The main objective of this study was to analyse the distribution patterns of particle 117 mass and number concentration in a tropical coastal environment during a period of northeast 118 monsoon in Southeast Asia. In addition, we aim to identify the particle diameter that 119 contributes most significantly to the coastal ambient air using PCA and HACA respectively 120 during this seasonal event. The wind trajectories were used to identify the movement of air 121 and possible sources of particles during the campaign in the winter season. 
Technik, Germany). The instrument was set up on a tower approximately 30 m above ground 147 level. Equipped with a global positioning system (GPS), the aerosol monitoring system 148 consisted of an aerosol spectrometer (Model 179) attached directly to the Nafion inlet drying 149 tube where the air enters. The aerosol spectrometer employs a state-of-the art optical particle 150 counter, thereby allowing in-situ measurements of the particle distribution with a diameter 151 size of between 0.27 μm and 34 μm (Grimm and Eatough, 2009; Weber et al., 2012) . In brief, 152 ambient air is directly fed into the measuring cell at a rate of 1.2 L min -1 using a volume-153 controlled pump and passes through the GRIMM spectrometer cell that has been designed as 154 a single particle detection and counting system. All aerosol particles passing through the 155 measurement cell are classified by its 31 size distribution channels. 156 The particle mass measurements were obtained by applying the theoretical mass 157 equation and measurement principle based on the light-scattering technology for single 158 particle counts (Grimm and Eatough, 2009; Technik, 2006) . The stages involved in the 159 conversion process were as follows. Firstly, particle diameter data were converted into 160 particle volumes using the mean particle diameter between the thresholds of the 31 different 161 channels. Secondly, the particle mass was estimated by multiplying the obtained count 162 volume with the corresponding specific density factors. Finally, these were added to the total 163 mass of each particulate matter channel (Grimm and Eatough, 2009 ). Data were recorded at 164 1-min intervals in a comma-separated value (CSV) data file and 365-SVC-Count-data-V2-5 165 software was used for further data processing. This procedure complies with several 166 international standards for ambient air monitoring i.e. the EN12341 (Standard gravimetric 167 measurement method for the determination of the PM 10 or PM 2.5 mass concentration of . The instrument validity has been evaluated by several studies (Grimm and Eatough, 172 2009; Xiaoai et al., 2010) . In this study, for calibration purposes, three crucial steps were 173 carried out. Firstly, we made a zero filter test to make sure that the instrument was properly 174 installed and there was no leaking of the sampling tube. Secondly, we ran air pump testing to 175 make sure that the aerosol was going to the correct tube. Finally, we ran a trial validation test 176 of the system for 24-h which yielded coefficient of determination, R 2 values of 0.988, 0.994 177 and 0.997 for PM 10 , PM 2.5 and PM 1 , respectively, after regression analysis between our 178 instrument GRIMM EDM-SVC 365 (particle number converted to mass concentration) and 179 GRIMM 180 (direct reading of mass concentration). 180 In this study, a three-month hourly average concentration data set from January (9 th - , 1986) . 203 Cluster analysis is a statistical tool suited to the analysis of particle size distribution 204 data in order to reduce their complexity (Charron et al., 2008; Dall'Osto et al., 2011; Von 205 Bismarck- Osten and Weber, 2014; Wegner et al., 2012) . HACA is the most common 206 technique used to classify observed data into clusters with high homogeneity (similar) levels 207 within groups and also heterogeneity (different) levels between groups (McKenna Jr, 2003) . 208 HACA was performed using Ward's method and the Euclidean distance was used to measure 209 any similarities (Lau et al., 2009 ). The distance between two clusters was computed as the 210 distance between the two closest elements in the two clusters (Ibarra-Berastegi et al., 2009) . 211 MLR is a statistical technique that allows us to predict the variability between the diurnal pattern of the humidity showed an inverse trend with temperature and wind speed but 260 a reverse trend with atmospheric pressure ( Fig. 1(b) ). The humidity reached its peak value 261 when the temperature was at its lowest around 7.00 h to 8.00 h. Slightly before noon, the 262 humidity level decreased steadily towards the afternoon (around 18.00 h) while the 263 temperature and wind speed showed increased trends. Atmospheric pressure showed two 264 peaks; the first peak was in the late morning (10.00 -11.00 h) and the second peak was 265 around midnight and early morning (24.00 -1.00 h). PCA was applied to the normalised hourly PNC data set to determine the most 294 significant particle diameters (Dp) that would explain the variation in the particles data set 295 ( Table 2 ). The PCA results showed four factors that described 93.07% of the cumulative 296 variance. Factor 1 influenced 57.64% of the variability in the PNC data set, followed by 297 Factor 2 (25.42%), Factor 3 (6.43%) and the lowest was Factor 4 (3.58%). The distributions 298 of total number of particle concentration are shown in Supplementary 2. The number of 299 particle concentrations that are larger than 7.0 µm were consistently approaching zero (nearly 300 zero), which explained that Dp > 7.0 µm does not significantly contribute to the variability of 301 the data set. Based on both results, it is clearly shown that the PNC variation at Bachok 302 station was dominantly influenced by fine particle diameters. Therefore, further analysis here 303 has been limited to the PNC size range 0.27 to 4.5 µm only. This cut-off-point will provide a 304 better understanding about the PNC characteristics at the study area.
305
[ The hourly average concentration of PNC (0.27-4.5µm) recorded in this study ranged from 309 67 to 4721 #cm -3 with an average concentration of 471  651 #cm -3 (Table 1) 
Daily variations of PNC and Particle Mass Concentration
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The daily PNC variation patterns are similar to the results obtained for particle mass 366 where both showed higher concentrations during March compared to January and February 367 2014 (Fig. 3) . All four modes of PNC were found to be higher in March compared to January 368 and February 2014 ( Fig. 3(a) ). From February until March 2014, Malaysia and Southeast 369 Asia experienced dry seasons and this phenomenon led to a high number of biomass burning 370 hot spots, especially in both the coastal area and the area to the northeast of Malaysia (Indo-371 China) causing the high particle number and mass concentrations ( Fig. 4(i) ). 372 In addition, there is a significant possibility that the particle concentration in Bachok (Fig. 4(ii)(a) ). Wind rose results showed that during January 379 2014 ( Fig. 5 ), there was a strong influence of wind from the northeast while during February 380 -March 2014, the influences were mainly northeasterly and occasionally southerly winds 381 ( Fig. 5(bc) ). The region to the south of the study site has a large area of peat soil under 382 agriculture (crops/husbandry) (WI, 2010). As mentioned in the ECER report, (ECER (2011), 383 the east coast of the Malaysian Peninsula is characterised by agriculture (i.e. fruits, 384 vegetables, kenaf/tobacco) with a total of 237,813 ha of peat swap forest (WI, 2010). 385 Therefore, agricultural burning and forest fire activities are the major local sources of particle 386 number and particle mass concentration at the study area. In addition to local biomass burning activities, the PNC at the study area during the 392 study periods has also been influenced by transboundary sources. This was explained by the 393 fire hotspot count and backward trajectories analysis as illustrated in Fig. 4(i) and Fig. 4(ii) . 394 The figures demonstrate that during the study period, there were high numbers of fire of pollutants. This phenomenon shows that wind speed influenced the uplifting of particle 415 number thus particle mass as well. High concentrations of particles were reduced when the 416 sea breeze started to develop around 9.00 h and when the temperature increased ( Fig. 6(a) ). 417 The high concentrations of PNC and particle mass, especially in the morning, were very clear 418 in February and March compared to the PNC and particle mass recorded in January. This 419 phenomenon may be due to the influence of local biomass burning between February and 420 March. During January the prevailing wind was generally stronger at night and onshore, 421 preventing significant accumulation of pollutants at the site during the early hours. The overall patterns of particle mass concentrations obtained at Bachok were quite 426 different compared with urban area studies. In urban areas, a very distinct bimodal pattern 427 (morning and evening peaks) can be seen where these two peaks are closely related to rush 428 hour traffic, but this pattern did not appear in this study. This is likely to be due to the style of 429 living and economic activities of people in the study area. The burning of waste in the 430 evening for example is a normal activity in the study area. PNC and particle mass 431 concentration increased steadily in the morning and reached a peak concentration around 7.00 432 -8.00 h. Concentrations then dropped significantly towards midday (9.00 to 12.00 h) when 433 the sea breeze started to develop around 9.00 h. These low concentrations of PM were 434 continuous throughout the afternoon. This phenomenon could be influenced by traffic peak (Friedlander, 2000) . However, in this study, our data set was recorded mostly between the 514 accumulation mode and coarse mode, therefore, there is only one peak observed in the fine 515 mode of mass distribution. The observed peak concentrations were slightly higher in January than the other two 520 months, with weekdays recording higher concentrations of mass ( Fig. 7 (i) -(iii)). A sharp 521 peak appeared in the fine mode ranges of 1.5 to 2.0 μm in each month. The variability of the 522 modal concentration was particularly high on several days in January 2014 ( Fig. 7 (i) ). For or mixing of the regional aerosol into the pre-existing particles during pollution days. 539 Furthermore, the origin of the mean cluster of the backward trajectories showed that the 540 aerosol particles might be transported from a similar northeasterly direction as well as having 541 a local contribution by the movement of particles from the east coast of the Malaysian 542 Peninsula which was shown by the wind rose. The biomass fire hotspots noted to the 543 northeast of the trajectory plots may influence the distribution of aerosol particles that peaked 544 at the fine mode ( Fig. 4(i) ). This peak is also influenced by the dispersion of accumulated particles as the sea breeze 564 develops during the day. 565 The consistency shown in the particle distribution and GSD values suggests that the 566 particles originate from similar sources. Furthermore, wind speed, temperature, humidity and 567 pressure were found to greatly influence the smaller size particle ( 
